Dietary factors have been hypothesized to affect the risk of liver cancer via various mechanisms, but the influence has been not well studied and the evidence is conflicting. We investigated associations of dietary trace element intake, assessed through a validated food frequency questionnaire, with risk of liver cancer in two prospective cohort studies of 132,765 women (1997-2013) and men (2002-2013) in Shanghai, China. The associations were first evaluated in cohort studies and further assessed in a case-control study nested within these cohorts adjusting for hepatitis B virus infection. For cohort analyses, Cox proportional hazard models were used to estimate hazard ratios and 95% confidence intervals. For nested case-control analyses, conditional logistic regression was used to calculate odds ratios and 95% confidence intervals. After a median follow-up time of 15.2 years for the Shanghai Women's Health Study and 9.3 years for the Shanghai Men's Health Study, 192 women and 344 men developed liver cancer. Dietary intake of manganese was inversely associated with liver cancer risk (highest vs. lowest quintile, HR 5 0.51, 95% CI: 0.35-0.73; p trend 5 0.001). Further adjustment for hepatitis B virus infection in the nested case-control study yielded a similar result (highest vs. lowest quintile, OR 5 0.38, 95% CI: 0.21-0.69; p trend < 0.001). No significant association was found between dietary intake of selenium, iron, zinc, copper and liver cancer risk. The results suggest that higher intake of manganese may be associated with a lower risk of liver cancer in China.
Introduction
Liver cancer is the sixth most commonly diagnosed cancer. 1, 2 Prognosis of liver cancer is poor with an overall 5-year survival rate of <15%, making it the second most common cause of cancer mortality worldwide. 2, 3 An estimated 782,000 new cases and 745,000 deaths occurred worldwide in 2012. 4 Liver cancer is primarily associated with chronic hepatitis B virus (HBV) and chronic hepatitis C viruses (HCV) infection. 5 Other major risk factors include long-term exposure to aflatoxin, chronic alcoholism, body fatness, diabetes, use of oral contraceptives and nutritional deficiency. [6] [7] [8] A healthy diet provides not only adequate fat, carbohydrate and protein but also small amounts of micronutrients such as trace elements and vitamins. Some trace elements are essential for human life such as selenium (Se), iron (Fe), zinc (Zn), manganese (Mn), copper (Cu), chromium (Cr), cobalt (Co), iodine (I) and molybdenum (Mo). 9 Unraveling of the new roles of some trace elements as antioxidants which protect the cellular damage to the basic constituents, i.e., lipids, protein and DNA from in situ generated reactive oxygen species (ROS) and oxygen-free radicals (OFR) gives a new dimension to our understanding the mechanism of action of these essential trace elements. 10 Among nutritional factors, higher red meat, saturated fat and lower vegetable, fish intake was found associated with higher risk of liver cancer. [11] [12] [13] [14] Dietary micronutrients such as vitamin A, C and E, Se, Fe, Zn, Mn and Cu are necessary to regulate the reactions that release OFR and modulate the host susceptibility or resistance to infectious pathogens, thus may reduce the liver cancer risk. 7, [15] [16] [17] [18] In our previous study, we have found that high intake of vitamin E was related to lower risk of liver cancer in middleaged or older people from China. 16 However, there were no prospective cohort studies evaluating the relationship between dietary trace elements and liver cancer risk. In our study, we examined whether the common dietary trace elements, such as Se, Fe, Zn, Mn and Cu, were related to liver cancer risk in two large, population-based, prospective cohorts of women and men from China.
Methods

Study population
The Shanghai Women's Health Study (SWHS) and the Shanghai Men's Health Study (SMHS) are both prospective, population-based cohort studies in Shanghai, China. 19, 20 In brief, for the SWHS, 74,941 women aged 40-70 years in Shanghai were recruited from 1997 to 2000, with an overall study participation rate of 92.7%. For the SMHS, 61,480 men aged 40-74 years with no history of cancer were recruited in Shanghai from 2002 to 2006, with an overall study participation rate of 74.1%. Trained interviewers administered the baseline surveys and obtained anthropometric measurements of the participants. The two cohorts were approved by all relevant Institutional Review Boards and an informed consent was obtained from each participant. We excluded participants from this analysis who (i) had a diagnosis of cancer before enrollment (1,598 women and 0 men); (ii) loss to follow-up shortly (only have baseline information) after enrollment (3 women and 6 men); (iii) died of cancers of unknown primary site or without diagnosis date (250 women and 202 men); (iv)were possible liver cancer cases waiting to be confirmed (0 women and 3 men); (v) extreme values for total energy intake (outside the range of 700-3,500 kcal/day for women and 800-4,000 kcal/day for men) (224 women and 253 men); (vi) missing data for any of the covariates of interest (69 women and 1,018 men). Given that participants diagnosed of carcinoma in situ of digestive organs may be liver cancer or not, we further excluded these participants to avoid misclassification (12 women and 18 men). After exclusions, 72,785 women and 59,980 men were included in current analysis.
Dietary assessment
Semi-quantitative food-frequency questionnaires (FFQs), designed to assess commonly consumed foods in urban Shanghai over the preceding year, were administered in faceto-face interviews. Similar FFQs were used in the SWHS and SMHS, which contained 77 and 81 food items, respectively. During the in-person interview, the participants were asked about the frequency (daily, weekly, monthly, yearly or never) and quantity [liangs (50 g)] that they consumed each time over the past 12 months. Energy and nutrients intake were calculated on the basis of the 2002 Chinese Food Composition Table. 21 The FFQs have been validated against multiple 24-hr dietary recalls separately for women 22 Currently, the role of dietary intake of trace elements in the development of liver cancer is unclear. In our study, the authors examined for the first time whether common dietary trace elements, such as Se, Fe, Zn, Mn and Cu, were related to liver cancer risk in two large, population-based, prospective cohorts of women and men from China. They found that higher dietary manganese intake was associated with decreased liver cancer risk in China. The result may have important implications for the primary prevention of liver cancer. 9). Liver cancer was defined as primary malignant tumor with an ICD-9 code of 155. 24 Nested case-control study subset A nested case-control subset within the full cohort was conducted to investigate whether associations between dietary trace element intake and hepatocellular carcinoma (HCC) risk were independent of chronic HBV infection. The design has been previously described in detail. 25 Cases of liver cancer were identified during the period between participants' recruitment and December 31, 2012, and ten controls were matched to the cases by gender, age at recruitment (62 years), date (630 days) of biospecimen collection, time (morning or afternoon) of blood sample collection, interval since last meal (<2 hr) and menopausal status (for women, yes or no). The plasma hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg) were measured in 363 liver cancer cases and 3,511 matched controls.
Statistical analysis
We conducted analyses separately for women and men. For the baseline characteristics between the liver cancer cases and non-cases in women and men, continuous variables were compared using t-test and categorical variables were compared using v 2 test and Cochran-Mantel-Haenszel v 2 test. Cox proportional hazards regression model was used to calculate hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) for each quintile of intake using the lowest quintile as the reference category. The entry time was the date at which the participant enrolled in the SWHS or SMHS and the exit time was the date when the participant developed incident liver cancer or was censored due to death, loss to follow-up or end of study follow-up on December 31, 2013, using whichever censoring date occurred first.
The model was adjusted for age, education, income, smoking status (men only), alcohol consumption (men only), family history of liver cancer, body mass index (BMI), total physical activity, total energy intake, total vegetable intake, total fruit intake, total red meat intake, total egg intake, total fish intake, total soy intake, vitamin E intake, history of diabetes, history of viral hepatitis/chronic liver disease, history of cholelithiasis, cholecystectomy, menopausal status (women only) and ever had oral contraceptive (women only). In analyses of data from women and men combined, dietary intake variables were categorized on the basis of sex-specific quintile distributions. To evaluate linear trends, we entered the median level of dietary trace element by quintile into the model as a continuous variable. All estimates of dietary trace element intake in these analyses were energy adjusted using the residual method. 26 We assessed the effect modification of gender on a multiplicative scale by including interaction term between dietary trace elements and gender in Cox proportional hazards models. We have checked proportional hazards assumptions for all the covariates using the Schoenfeld residual method 27 and found no evidence of violation of these assumptions. The associations between dietary trace element intake and liver cancer risk stratified by history of hepatitis/chronic liver disease were conducted for subgroup analysis.
In the nested case-control study, conditional logistic models were used to calculate the odds ratio (OR) for liver cancer by quintiles of dietary trace elements. In addition to the aforementioned confounders, we also adjusted for HBsAg status (positive and negative), and HBeAg status (positive and negative) in the model. Sensitivity analyses were conducted (i) excluding all participants with a follow-up time of <2 years to rule out possible reverse causation in the cohort studies; (ii) excluding all participants with diabetes at recruitment, owing to this disease may change an individual's dietary pattern or other lifestyle factors; (iii) using the energy density method 26 to adjust for dietary trace elements re-analyzing the full cohort and nested case-control samples.
Statistical analyses were conducted using SAS 9.3 (SAS Institute, Cary, NC) and a two-sided p values of 0.05 was considered statistically significant.
Results
After a median follow-up time of 15.2 years for the SWHS and 9.3 years for the SMHS, 192 women and 344 men liver cancer cases were identified. The baseline characteristics of participants by liver cancer diagnosis status are shown in Table 1 . Compared to cohort members without liver cancer, patients with liver cancer were generally older, had lower family income, education levels and higher dietary soy intake. Liver cancer patients were more likely to have reported a history of liver cancer and a history of chronic diseases, including viral hepatitis/chronic liver disease, diabetes and cholelithiasis. Among women, liver cancer patients tended to have higher BMI status, lower intake of fruit, red meat, higher proportion of cholecystectomy and menopause and lower dietary Se, Cu than other cohort participants. Among men, liver cancer patients tended to have lower dietary Mn intake. Table 2 presents associations between dietary trace elements and liver cancer by quintiles of trace element intake in cohort analyses. Dietary Mn was inversely associated with liver cancer risk. The liver cancer risk was reduced by 49% for the highest quintile compared to the lowest in the model with men and women combined. Compared to the first quintile, the HRs for liver cancer risk were 0.67 (95% CI 0.51-0.89), 0.70 (95% CI 0.53-0.93), 0.61 (95% CI 0.45-0.83) and 0.51 (95% CI 0.35-0.73) for the second through the fifth quintile, respectively, after adjustment for potential confounders (p trend 5 0.001). The inverse associations were consistently seen for both women and men, and the trend tests were statistically significant. The test for multiplicative interaction between sex and Mn intake in the combined models, however, indicated that sex does not modify the association between Mn intake and liver cancer risk (p interaction 5 0.29). 1 Continuous variables are presented as the mean 6 the standard deviation. 2 The general linear model was used to calculate p for continuous variables: age at recruitment, body mass index, total physical activity, total energy intake, total vegetable intake, total fruit intake, total red meat intake, total egg intake, total fish intake, total soy intake, vitamin E intake, selenium, iron, zinc, manganese, copper. v 2 tests were used to calculate p for binary variables: ever smoking (yes or no); alcohol drinker (yes or no); history of viral hepatitis/chronic liver disease (yes or no); ever family history of liver cancer (yes or no); history of diabetes (yes or no); history of cholelithiasis (yes or no), cholecystectomy (yes or no), menopausal status (yes or no) and ever had oral contraceptive (yes or no). All statistical tests were two-sided. Cochran-Mantel-Haenszel statistics were used to calculate P for ordinal categorical variables: family income level (low income for <5,000 yuan/year in the SWHS and <12 000 yuan/year in the SMHS; medium income for 5,000 to <10,000 yuan/year in the SWHS and 12 000 to <24 000 yuan/year in the SMHS and high income for >10,000 yuan/year in the SWHS and >24 000 yuan/year in the SMHS); education level (elementary school or less, middle school, high school, college or above). 3 All dietary variables were adjusted for energy by residual method. We also analyzed the associations stratified by history of hepatitis/chronic liver disease in Table 3 because the status may have the potential to modify the association between diet, other lifestyle factors and liver cancer risk. The inverse association between dietary Mn intake and liver cancer risk was consistent among participants with and without history of hepatitis/chronic liver disease. And the test for multiplicative interaction was not statistically significant (p interaction 5 0.58).
Cancer Epidemiology
The odds ratios for liver cancer in the nested case-control subset were shown in Table 4 . The odds ratio for liver cancer was 0.38 (95% CI 0.21-0.69) for the highest quintile compared to the lowest quintile of dietary Mn for men and women combined (p trend < 0.001). In addition, a significant inverse trend (p trend 5 0.007) for liver cancer risk in relation to dietary Fe intake (OR 5th quintile vs. 1st quintile 5 0.33; 95% CI 0.15-0.71) was observed primarily due to the inverse association observed for men, in contrast to the results in cohort analyses. No association between dietary intake of Se, Zn, Cu and liver cancer risk was found.
The inverse association between dietary Mn intake and liver cancer risk remained after removal of participants with a follow-up time of <2 years (Supplementary Table S1 ) and in participants without diabetes at recruitment (Supplementary Table S2 ) in our cohort analyses. And the results remain similar using energy density method in cohort analysis and nested case-control analysis (results not shown).
Discussion
In these large, prospective studies of women and men in Shanghai, we found that higher intake of dietary Mn was inversely associated with liver cancer risk. This result was confirmed in an analysis of the nested case-control study which also adjusted for HBV infection.
One biologically plausible explanation as to why dietary Mn intake is associated with liver cancer risk is its potential effect on antioxidants to protect the cellular damage. The liver has a relatively high concentration of Mn and Mn is primarily excreted into the bile. 28 Three experimental studies have suggested that Mn is a cofactor of antioxidant enzymes including manganese superoxide dismutase (MnSOD) which is the fundamental mitochondrial enzyme that scavenges ROS. [29] [30] [31] The activity of this enzyme could modulate the host susceptibility or resistance to infectious pathogens, protect the cellular damage, inhibit cell proliferation and contribute to apoptosis, thus to prevent liver cancer development. 15, [32] [33] [34] Mn is often considered to be among the least toxic of the trace elements when administered orally in contrast to exposure to occupational exposures such as welding fume exposure. 35, 36 Thus, reported cases of human toxicity caused by oral Energy adjusted using the residual method. In analyses of data from women and men combined, dietary intake variables were categorized on the basis of sex-specific quintile distributions. 2 Results were adjusted for age at recruitment, body mass index (BMI), total physical activity, total energy intake, total vegetable intake, total fruit intake, total red meat intake, total egg intake, total fish intake, total soy intake, vitamin E intake, income, education, family history of liver cancer (yes or no), history of viral hepatitis/chronic liver disease (yes or no), history of diabetes (yes or no), history of cholelithiasis (yes or no), history of cholecystectomy (yes or no), menopausal status (yes or no) and ever had oral contraceptive (yes or no). 3 Results were adjusted for age at recruitment, body mass index (BMI), total physical activity, total energy intake, total vegetable intake, total fruit intake, total red meat intake, total egg intake, total fish intake, total soy intake, vitamin E intake, income, education, smoking history (ever/never), alcohol consumption (ever/never), family history of liver cancer (yes or no), history of viral hepatitis/ chronic liver disease (yes or no), history of diabetes (yes or no), history of cholelithiasis (yes or no) and history of cholecystectomy (yes or no). 4 Results were adjusted for sex, age at recruitment, body mass index (BMI), total physical activity, total energy intake, total vegetable intake, total fruit intake, total red meat intake, total egg intake, total fish intake, total soy intake, vitamin E intake, income, education, smoking history (ever/never), alcohol consumption (ever/never), family history of liver cancer (yes or no), history of viral hepatitis/chronic liver disease (yes or no), history of diabetes (yes or no), history of cholelithiasis (yes or no) and history of cholecystectomy (yes or no).
ingestion of large amounts of Mn are few. 9 Metabolic balance studies on normal subjects consuming widely differing diets have revealed positive balances when Mn intake ranged from 2.47 to 10.7 mg/day. 35 High Mn intakes of 8-9 mg/day are safe, since there was no evidence of Mn toxicity in the individuals consuming these high-Mn diets. 35 In our cohorts, the 37 The diets rich in Mn are whole cereals, nuts, legume seeds and green leafy vegetables. 38 Tea is exceptionally rich in Mn, one cup of tea contributing as much as 1.3 mg of Mn. 35 Our findings are concordant with previous metaanalyses of vegetables, tea drinking in relation to liver cancer risk. 12, 39, 40 Gender may impact on Mn retention in body and time of the male retention was longer than female, 41 which may be the reason that stronger inverse association was observed between dietary Mn and liver cancer risk in men than women in our study.
The DRI of Fe is 8 mg for adult men and postmenopausal women (>50 years) and 16 mg for premenopausal women. 37 In our middle-age cohorts, increasing participant age was associated with lower dietary Fe intakes. For males, the mean Fe intake daily was 21.8 mg and the mean age was 55.3 years in the main cohort analyses, while in the nested case-control studies the intake was 21.7 mg and the mean age was 59.5 years. The mean Fe intakes were very similar between the two studies, and both were much higher than the DRI. We observed a different association of Fe intake with liver cancer risk between cohort and nested case-control studies; however, it cannot be explained by comparing the average Fe intakes in our studies with the DRI.
For females, the mean Fe intake daily was 18.6 mg (50 years, 35,774 participants: 49.2%) and 18.2 mg (>50 years, 37,011 participants: 50.8%) in cohort studies, and in the nested case-control analyses the intake was 18.1 mg (50 years, 307 participants: 22.3%) and 18.1 mg (>50 years, 1,068 participants: 77.7%). Most participants in the nested case-control studies were postmenopausal women, and the daily iron intake were much more than the DRI for postmenopausal women (8 mg) . So the protective effect for dietary Fe intake was weaker in the nested case-control analyses than cohort analyses for women.
Previously, two epidemiological studies, both using a case-control study design, have evaluated dietary trace elements and liver cancer risk. 42, 43 A hospital-based case-control study conducted in Greece, involving 97 HCC cases and 128 controls reported a null association for dietary trace elements intake. 42 Another hospital-based case-control study conducted in Italy, including 185 HCC cases and 412 cancerfree control subjects, showed dietary Fe was significantly associated with HCC risk (OR 5 3.00; 95% CI: 1. 25-7.23) and no association between Zn and HCC risk. 43 However, both of the two studies analyzing two kinds of trace elements were limited by small sample size and by their retrospective and hospital-based study designs. Due to the case-control nature of both of the studies, recall bias in reporting dietary intake may have occurred, especially for cases, since they may associate diet with their disease status. Similarly, cases may have recently changed their diet due to symptoms or treatment and therefore the FFQ results would not represent habitual intake.
As we know, micronutrients including vitamins and trace elements play a central part in metabolism and in the maintenance of tissue function. In our study, we analyzed the association between five trace elements intake and liver cancer risk. To the best of our knowledge, this was the first prospective cohort study investigating the association between dietary Mn intake and liver cancer risk. Our study has a number of important strengths. First, the SWHS and SMHS are both rigorously designed cohort studies with high participation and retention rates. Second, all of the covariates used in analysis were assessed before the development of any cancer which decreases potential reverse bias. Third, we had a relatively large number of incident liver cancer cases in our analysis having sufficient power of test to find the association. The fourth, our nested case-control study incorporates both biomarkers of HBsAg and HBeAg into the analysis to minimize the possibility of hepatitis B virus infection affecting the association between dietary trace elements and the occurrence of liver cancer. Finally, the results from the various secondary analyses we conducted yielded similar results throughout which suggest that our findings are fairly robust.
Our study also has some limitations that should be considered in the interpretation of the results. First, we did not incorporate the multi-mineral supplement intake which may also be a source of the trace element because we had no questions about multi-mineral supplement intake. Second, we used the FFQ data assessed only at the baseline and this may not have accounted for potential dietary changes during follow-up, including early pre-diagnostic period of the disease. Third, dietary trace elements were assessed using an FFQ which may not be accurate at estimating the actual amount of dietary intake. The correlation between the estimated micronutrients intake from an FFQ and a 24-hr recall instrument was moderate in both study populations. 22, 23 Fourth, the mutual effect between food groups and nutrition were complex and we did not test the interaction between diets and trace elements in our analysis. Finally, given the multiple comparisons carried out in our study, a chance finding cannot be ruled out. However, the consistent pattern observed for dietary Mn intake in cohort, nested case-control studies and sensitivity analyses, argue against a chance finding.
In conclusion, in these two population-based cohort studies, we found that high intake of Mn was related to lower risk of liver cancer in middle-aged or older people in China. Moreover, our findings, if independently confirmed, would point to potential benefits from daily dietary trace elements for primary preventing liver cancer-one of the most lethal tumors in the world.
